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PUMP FOR TRANSFERRING PARTICULATE MATERIAL 

5 FIELD OF THE INVENTION 

[00001] This invention relates to a pump for transferring particulate 

material including but not limited to powder paint, from a source of particulate 
material, such as a storage hopper, to a remote location, such as a feed hopper. 

10 BACKGROUND OF THE INVENTION 

[00002] In many applications, it is necessary to transfer particulate 

material from one location to another. For example, when applying particulate paint, 
commonly referred to as powder paint, in mass production applications, it is necessary 
to move the powder paint from a hopper in the powder paint storage room to the paint 

15 application area, wherein it is typically received in a feed hopper adjacent to the paint 
applicators. 

[00003] In existing automotive powder paint application systems, the 

powder paint is transferred by a vacuum receiver system as disclosed, for example, in 
U.S. Patent No. 5,743,958. As disclosed in more detail in U.S. Patent No. 5,743,958, 

20 the powder paint transfer system includes a transport pipe, a receiver and a vacuum 
source which transfers the powder paint from a source, such as a storage hopper, to 
the application area. The receiver is a chamber or powder receiver coupled to a feed 
hopper. The vacuum source is connected to the receiver to withdraw air, substantially 
free from powder paint. The transport pipe is connected between the source of 

25 powder or particulate paint and the receiver to deliver a mixture of air and powder 
paint when the vacuum source is activated. The air/powder mixture enters the 
receiver and the powder paint is separated and collected, usually by a membrane 
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filter. The air flows to the vacuum source and the collected powder is continuously or 
periodically discharged into the feed hopper. A gas-type sealing valve is required 
between the feed hopper and the receiver to avoid having gas flow from the feed 
hopper to the receiver. If the sealing valve is not included, this flow may impede the 
5 flow of powder paint from the receiver to the feed hopper or may prevent sufficient 
vacuum from being generated in the feed hopper to transport the powder from the 
source. There are several problems associated with the utilization of a vacuum to 
transfer particulate material, including powder paint, through a hose or line as 
disclosed in this patent. First, a vacuum is insufficient to transfer particulate material 
10 over long distances. The vacuum system disclosed in this patent is generally limited 
to about 100 feet. Further, the hose or line which conveys the powder paint must have 
a diameter of at least about two inches. Further, the powder paint is not conveyed in a 
dense phase and this system requires a receiver having a sealing valve, as described 
above. 

15 [00004] Thus, it would be desirable to convey particulate material, 

particularly including powder paint, in a dense phase using a smaller delivery line 
over greater distances up to about 350 feet or greater. Further, it would be desirable 
to reduce the cost of the delivery system and eliminate the requirement for a receiver 
having a sealing valve system as described above. Reference is also made to U.S. 

20 Publication Application 2001/0003568 Al which discloses an apparatus for 
pneumatically conveying powder substances in a pipe system, wherein a volume is of 
powder is sucked in with reduced pressure and discharged with increased pressure. 
This apparatus includes a plurality of relatively small metering chambers (between 0.5 
and 100mm) and a metering pump which conveys the powder products in a metered 

25 continuously pulsating fashion. However, it is believed that the apparatus disclosed in 
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this patent publication would not be suitable for powder paint and is relatively 
complex. 

[00005] The pump for transferring particulate material of this invention 

is simple, yet rugged in construction and is particularly suitable for transferring 
5 powder paint which typically has a size range between 1 and 30° m or generally in 
the range of 15 to 25/xm. The powder pump of this invention further transports the 
particulate material in a dense phase, eliminating the requirement for a receiver 
having a filtration system as described above and may be utilized to transfer 
particulate material at least 350 feet or greater. 

10 

SUMMARY OF THE INVENTION 
[00006] As set forth above, this invention relates to a pump for 

transferring particulate material, including powder paint, from a source of particulate 
material, such as a storage hopper, to a remote location, such as a feed hopper. The 

15 particulate or powder pump of this invention includes a particulate chamber, 
preferably having a cylindrical internal diameter including a first open end and a 
second open end. The particulate chamber may have a diameter between 0.25 and 1.5 
inches in diameter, wherein a preferred embodiment has an internal diameter of 
between 0.5 to one inch and a length to internal diameter ratio of at least 20 to 1 or 

20 preferably about 40 to 1 or greater. 

[00007] The particulate pump of this invention further includes a first 

conduit connecting the first open end of the particulate chamber to the source of 
particulate material and a second conduit connecting the second open end of the 
particulate chamber to the remote location. The particulate chamber may be formed 

25 of stainless steel or other suitable material and the second conduit which connects the 
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particulate chamber with the remote location may be a flexible hose or conduit 
formed of a polymeric material having a diameter of between Vi and 3 A inches. As set 
forth below, the particulate or powder pump of this invention transfers discreet 
volumes of particulate material from the source of particulate material to the remote 
5 location in a dense phase. 

[00008] The particulate pump further includes a first valve at the first 

open end of the particulate chamber and a second valve at the second open end of the 
particulate chamber. In a preferred embodiment of the particulate pump of this 
invention, the first and second valves are check valves, such as ball check valves, 

10 which automatically sequentially open to fill the particulate chamber with particulate 
material and close to discharge particulate material from the particulate chamber to 
the remote location in discreet volumes. The particulate pump of this invention 
includes a source of vacuum connected to the particulate chamber adjacent the second 
open end and a source of gas under pressure connected to the particulate chamber 

15 adjacent the first open end. The particulate pump of this invention further includes a 
control which, alternatively: (1) connects the source of vacuum to the particulate 
chamber, opens the first valve, closes the second valve and drawing a vacuum in the 
particulate chamber, filling the particulate chamber with particulate material from the 
source through the first conduit; (2) connects the source of gas under pressure to the 

20 particulate chamber, closes the first valve, opens the second valve and drives the 
particulate material from the particulate chamber to the remote location through the 
second conduit; and (3) cyclically repeating steps (1) and (2) to transfer discreet 
volumes of particulate material in a dense phase from the source of particulate 
material to the remote location. 
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[00009] Where the first and second valves are check valves, such as ball 

check valves, connecting the source of vacuum to the particulate chamber 
automatically opens the first check valve and closes the second check valve and the 
vacuum in the particulate chamber then draws the particulate material from the source 
5 to the particulate chamber through the first conduit. Similarly, connecting the source 
of gas under pressure to the particulate chamber automatically closes the first check 
valve and opens the second check valve and drives the particulate material from the 
particulate chamber to the remote location through the second conduit in discreet 
volumes. A test prototype particulate pump as described above transferred 3.5 

10 lbs/min of powder paint in a dense phase at 20 cycles per minute or 2.8 oz/cycle. 

[00010] As will be understood, the efficiency of the particulate pump of 

this invention will be dependent in part on substantially completely filling the 
particulate chamber to each transfer cycle. Thus, it would be desirable to 
substantially completely fill the particulate chamber during each fill cycle. This is 

15 accomplished in the disclosed embodiment of the particulate pump by an overflow 
valve communicating with the source of vacuum and the source of vacuum is 
connected by a line to the source of particulate material, returning overflow 
particulate material from the particulate chamber to the source of particulate material. 
In one preferred embodiment, the source of vacuum is a venturi-type pump having a 

20 source of gas under pressure directed through a venturi nozzle which can receive and 
dispel overflow particulate material without damage to the venturi pump. A preferred 
embodiment of the overflow valve is a pinch valve which limits the overflow of 
particulate material from the particulate chamber and which may receive overflow 
particulate material with damage and directs the overflow to the venturi pump. In one 

25 preferred embodiment of the particulate pump of this invention, the pinch valve 
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surrounds the second open end of the particulate chamber which is enclosed in an 
annular chamber surrounding the second open end of the particulate chamber 
connected to the venturi pump. The control is connected to the venturi pump limiting 
the overflow of particulate material to a minimum while substantially completely 
5 filling the particulate chamber with particulate material during each cycle of the 
particulate pump. 

[00011] As will be understood, the pump for transferring particulate 

material of this invention is simple, yet rugged in construction providing important 
advantages over the prior vacuum systems and is particularly suitable for transferring 
10 particulate or particulate paint in a dense phase over distances exceeding 350 feet. 
Other advantages and meritorious features of the pump for transferring particulate 
material of this invention will be more fully understood from the following 
description of the preferred embodiments, the appended claims and the drawings, a 
brief description of which follows. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00012] Figure 1 is a schematic illustration of one embodiment of the 

powder pump of this invention; 

[00013] Figure 2 is a schematic illustration of an alternative 

20 embodiment of the powder pump of this invention providing for complete filling of 
the pump chamber; 

[00014] Figure 3 is a partially schematic view of an improved 

embodiment of the powder pump of this invention; 

[00015] Figure 4 is a side cross-sectional view of the pinch valve 

25 assembly of the powder pump shown in Figure 3 in the open position; and 
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[00016] Figure 5 is a cross-sectional view of Figure 4 with the pinch 

valve closed. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 [00017] As will be understood by those skilled in this art, the disclosed 

embodiments of the pump for transferring particulate material or powder pump of this 
invention may be modified within the purview of the appended claims. Figure 1 is a 
schematic view of one embodiment of the pump for transferring particulate material 
of this invention in its simplest form. As described above, the pump for transferring 

10 particulate material or powder pump of this invention is adapted to transfer powder of 
particulate material from a powder source 20, such as a storage hopper, to a remote 
powder destination 22, such as a feed hopper. The powder pump of this invention is 
particularly, but not exclusively, adapted to feed particulate or powder paint which 
may range in particle size from 1 to 30/xm, typically in the range of 15 to 25/xm, in a 

15 dense phase, thereby eliminating the requirement for a vacuum receiver having a 
filter, as described above, and wherein the distance to the powder destination 22 may 
be 350 feet or greater. The powder pump includes a powder or particulate chamber 
24 which in the preferred embodiment includes a generally cylindrical internal surface 
having a substantially constant cylindrical internal diameter. The pump chamber 

20 includes a first open end 26 and a second open end 28. A first conduit 30 connects 
the first open end 26 to the powder source 20 and a second conduit connects the 
second open end of the powder chamber 24 to the remote powder destination 22. The 
particulate or powder chamber 24 includes a first valve 34 adjacent the first open end 
26 and a second valve 36 adjacent the second open end 28. As described further 

25 below, the first and second valves 34 and 36, respectively, are preferably check valves 



7 



docket #61,733-142 

which respond to the pressure in the pump chamber 24 to open or close as described 
further below. The powder pump further includes a source of vacuum 38 connected 
by line 40 to the powder chamber 24 adjacent the second open end 28 and a valve 42 
is provided in the line 40 to control the application of a vacuum to the powder 
5 chamber 24. The powder pump of this invention further includes a source of gas 
under pressure 44 connected by line 46 to the powder chamber 24 adjacent the first 
open end and a valve 48 is provided to control the application of gas under pressure to 
the powder chamber 24. 

[00018] The operation of the powder pump shown in Figure 1 may now 

10 be described as follows. First, the powder or particulate chamber 24 is filled by 
opening valve 42, connecting the source of vacuum 38 to the pump chamber 24 
adjacent the second open end 28, and opening valve 34 in line 30 connected to the 
first open end 26 of the powder chamber 24 to the powder source 20. The vacuum 
source 38 then draws a vacuum in the powder chamber 24, drawing particulate 

15 material or powder from the powder source 20 into the powder chamber. The valves 
34 and 42 are then closed and valves 48 and 36 are open, directing gas under pressure 
from the source of gas or compressed air 44 through line 46 to the powder chamber 24 
adjacent the first open end 26, driving the particulate material from the powder 
chamber 24 through line 32 to the powder destination 22. This cycle may then be 

20 repeated indefinitely, alternately filling the powder chamber 24 with particulate 
material from the vacuum source 38 and discharging the particulate material in the 
powder chamber 24 to the powder destination 22 using a gas under pressure, such as 
compressed air 44. 

[00019] Figure 2 illustrates an improved pump for transferring 

25 particulate material or powder pump which assures complete filling of the powder or 
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particulate chamber 24 with each cycle of the pump. As described above, the powder 
pump illustrated in Figure 2 includes a powder source 20, such as a storage hopper 
and a remote powder destination 22, such as a feed hopper. The powder or particulate 
chamber 24 includes a first conduit 30 connected to the first open end 26 of the 
5 powder chamber 24 and the powder source 20, which includes a first valve 34. 
preferably a check valve, such as a ball check valve as shown. The second open end 
28 of the powder chamber 24 is connected to the powder destination 22 by a second 
conduit 32 having a second valve 36 which, in a preferred embodiment is also a check 
valve, such as a ball check valve as shown. In the embodiment of the powder pump 

10 shown in Figure 2, the vacuum source 38 includes a venturi-type nozzle 50 and the 
compressed air source 44 includes a line 52 directing gas under pressure through the 
venturi nozzle 50 creating a vacuum in line 40 connected to the powder chamber 42 
adjacent the second open end 28 as described above with regard to Figure 1. The 
embodiment of the powder pump illustrated in Figure 2 further includes a control 54 

15 connected to valve 56 which, in combination, controls the operation of the powder 
pump as described below. The compressed air source 44 is also connected by line 46 
to the powder or particulate chamber 24 adjacent the first open end 26 as described 
above and line 46 includes a valve 48. The valve 42 in line 40 in the embodiment of 
the powder pump illustrated in Figure 2 is a pinch-type valve which is actuated by a 

20 pneumatic actuator 58 connected by line 60 to the compressed air source 44 through 
line 46. Line 62 connects the pinch valve 42 to the compressed air source 44. As will 
be understood by those skilled in this art, the pinch valve 42 may be opened or closed 
by directing gas under pressure through lines 60 and 62 by actuation of the control 54. 
[00020] The operation of the pump for transferring particulate material 

25 or powder pump illustrated in Figure 2 may now be described. The valve 56 



9 



docket #61,733-142 

connected to control 54 may be a normally open or normally closed valve. For 
purposes of description only, it will be assumed that the valve 56 is normally closed. 
A vacuum is drawn through line 40 to the particulate or powder chamber 24 through 
line 40 adjacent the second open end 28 of the powder pump 24 drawing a vacuum in 
5 the powder chamber 24, opening check valve 34 and closing check valve 36. 
Particulate material, such as powder paint, is then drawn into the particulate or 
powder chamber 24 through line 30 as described above with regard to Figure 1. 
However, in the embodiment of the powder pump illustrated in Figure 2, overflow of 
particulate material from the particulate chamber 24 is received through line 40, 

10 through the pinch valve 42, which is now open, and the overflow particulate material 
is received through line 40 into the venturi nozzle 50 and return line 64 to the powder 
source 20. The valve 56 is then opened by actuation of the control 54 which closes 
the pinch valve 42 and directs gas under pressure through line 46 to the particulate or 
powder chamber 24 adjacent the first open end 26. The gas pressure in the particulate 

15 chamber 24 then closes the check valve 34 and opens check valve 36, driving the 
particulate material in the powder or particulate chamber 24 to the remote powder 
destination 22 through line 32, connected to the second open end 28 of the particulate 
chamber 24. As described above with regard to Figure 1, this cycle is repeated 
indefinitely, alternatively filling the particulate chamber 24 from powder source and 

20 driving the particulate material from the particulate chamber 24 to the remote powder 
destination 22 through line 32. The primary difference between the powder pump 
illustrated in Figure 2 and the powder pump illustrated in Figure 1 is that the powder 
pump illustrated in Figure 2 assures substantially complete filling of the particulate 
chamber 24 during each cycle of the powder pump with the requirement of a metering 

10 
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device because the particulate chamber 24 is filled to overflowing during the fill 
cycle. 

[00021] It was found during testing of the embodiment of the powder 

pump illustrated in Figure 2 that the combination of a venturi-type vacuum source, 
5 including the venturi nozzle 50, and the pinch valve 42 is able to tolerate powder paint 
without substantial wear. Thus, the embodiment of the powder pump disclosed in 
Figure 2 is more efficient in the delivery of powder paint from the powder source 20 
to the remote powder destination 22. An important advantage of the embodiment of 
the powder pump illustrated in Figure 2 is that the entire system is controlled by one 

10 control 54 as described above. However, extended testing of the embodiment of the 
powder pump illustrated in Figure 2 resulted in agglomeration and build up of powder 
paint in the section 40a of the line 40 between the pinch valve 42 and the second open 
end 28 of the particulate chamber 24. As will be understood by those skilled in this 
art, however, the agglomeration and build up of particulate material in the line section 

15 40a will be dependent upon the characteristics of the particulate material and thus the 
embodiment of the powder pump illustrated in Figure 2 may be preferred in certain 
applications. 

[00022] Figures 3 to 5 illustrate a preferred embodiment of the pump 

for transferring particulate material of this invention which is adapted to transfer 

20 powder paint from a source of powder paint 20, such as a storage hopper, to a remote 
destination 22, such as a feed hopper. As described above, the powder chamber 24 
includes a first open end 26 connected by a first conduit 30 to the source of powder 
paint 20 and the second open end 28 of the powder paint chamber 24 is connected by 
a second conduit 32 to the remote destination 22. A ball check valve 34 having a ball 

25 35 is located at the first open end 26 of the powder chamber 24 and a second ball 
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check valve 36 having a ball 37 is located at the second open end 28 of the powder 
chamber 24. Thus, the general configuration of the powder pump illustrated in 
Figure 3 may be identical to the powder pumps illustrated in Figures 1 and 2 
described above. The primary difference between the powder pump illustrated in 
5 Figures 3 to 5 and the powder pump illustrated in Figure 2 is the location of the pinch 
valve 42 surrounding the second open end 28 of the powder chamber 24 and the 
utilization of three controls for the pump operation as now described. 

[00023] The improved pinch valve 42 used in the powder pump shown 

in Figure 2 is disclosed in more detail in Figures 4 and 5. As shown, the pinch valve 

10 42 includes a resilient tube 66, preferably formed of an elastomeric material, 
surrounding the second open end 28 of the powder chamber 24 which is enclosed 
within a housing 68 defining an annular chamber 70 surrounding the elastomeric tube 
66 and the ends 72 of the elastomeric tube 66 are fixed to radial portions 74 of the 
housing such that the midportion will resiliently flex inwardly to engage the powder 

15 chamber 24 adjacent the second open end 28 upon receipt of pneumatic pressure 
through inlet 76 as shown in Figure 5. The housing 68 further includes a powder 
outlet 78 which receives powder overflow from the powder chamber 24 as described 
below. The housing 68 further includes a lower radial flange 80 which receives a 
locking member 82 which affixes the housing in sealed relation to the powder 

20 chamber 24 and an upper flange 84 which receives the second conduit 32 which is not 
shown in Figures 4 and 5. 

[00024] Having described a suitable embodiment of a pinch valve 42, 

reference is again made to Figure 3. The powder pump shown in Figure 3 includes a 
vacuum source 38 connected by line 78 to the housing 68 of the pinch valve 42 shown 

25 schematically in Figure 3. As described above with regard to Figure 2, the vacuum 
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source includes a venturi nozzle 50 which receives compressed air through line 52 
described more fully in the description of Figure 2. The gas inlet 76 is connected to a 
source of compressed air 86 through solenoid valve 88 and the vent 90 to the inlet line 
76 is controlled by solenoid valve 92. Finally, as described above, a source of 
compressed air 44 is connected to the powder chamber 24 adjacent the first open end 
26 by line 46, which is controlled by a further solenoid valve 48. As will be 
understood, the sources of compressed air 44, 86 and the compressed air received 
through line 52 may be a common source. 

[00025] The operation of the powder pump shown in Figure 3 is similar 

to the operation of the powder pump shown in Figure 2 and will now be described. 
First, a vacuum is drawn in the powder chamber 24 by driving compressed air through 
line 52 through the venturi orifice 50 as described above with regard to the 
embodiment of the powder pump of Figure 2. The vacuum in the powder chamber 24 
opens the first check valve 34 by lifting the ball 35 and closes the second check valve 
36 by drawing the ball against the conduit 94. Powder paint 96 is then drawn from 
the source of powder paint 20 into the powder chamber 24 through the first conduit 
30, filling the chamber 24 as shown in Figure 4. During the filling cycle, the valves 
48 and 88 are closed and the valve 92 of the vent 90 is open, such that the pinch valve 
42 is open as shown in Figure 4. The powder paint 96 then fills the powder chamber 
24 and the powder paint overflow is then received into the annular space 100 
surrounding the second open end 28 of the powder chamber 24 as shown by arrows 
98. The overflow powder is then received through the outlet 78 into the venturi 
nozzle 50, where it is directed through line 68 back to the powder source 20. The 
valves 48 and 88 are then opened and the vent valve 92 is closed, such that 
compressed air is received through inlet line 76, resiliently biasing the midportion of 
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the resilient tube 66 inwardly as shown in Figure 5, closing the pinch valve 42. The 
compressed air received from source 44 to line 46 adjacent the first open end 26 of the 
powder chamber 24 then closes the check valve 34 and opens check valve 36, driving 
powder paint in the powder chamber 24 through the second conduit 32 to the remote 
5 destination 22. The pinch valve 42 shown in Figures 4 and 5 virtually eliminate 
agglomeration and build up of powder paint as described above with regard to the 
powder pump of Figure 2. However, the powder pump of Figure 3 retains the 
advantages of the powder pump of Figure 2 of substantially completely filling the 
powder chamber 24 during each fill cycle of the powder pump. As set forth above, 
10 this cycle can be repeated indefinitely, alternatively filling the powder chamber 24 
from the source 20 with powder paint 96 and discharging the powder paint in the 
powder chamber 24 through the second conduit 32 to the remote destination 22 in a 
dense phase. 

[00026] The configuration of the powder chamber 24 is important to the 

15 efficient operation of the embodiments of the powder pump shown in Figures 1, 2 and 
3. In a preferred embodiment of the particulate or powder chamber 24, the inside 
diameter is cylindrical and substantially constant throughout its length to avoid any 
agglomeration or build up of powder in the particulate or powder chamber. The 
dimensions of the particulate or powder chamber 24 are also important to the efficient 
20 operation of the powder pump. In a preferred embodiment, the inside diameter of the 
powder chamber is between 0.25 to 1.5 inches or more preferably between 0.5 and 
one inch. The length of the powder chamber may range from 1 to 5 feet or greater, 
but is preferably between about 3 and 5 feet, such that the inside diameter to length 
ratio is greater than 20 to 1, or more preferably 40 to 1 or greater. The powder pump 
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shown in Figures 2 and 3 has efficiently operated to deliver 3.5 lbs/min at 20 cycles 
per minute or about 3 oz/cycle. 

[00027] As set forth above, the powder pump of this invention may be 

utilized to efficiently deliver powder paint or particulate material over relatively long 
5 distances. In tests of the embodiments of the powder pump shown in Figures 2 and 3, 
the powder pump efficiently delivered powder paint 350 feet, but it is believed that 
the distance of delivery can be substantially greater. In a preferred embodiment of the 
powder pump, the second conduit 32 is a flexible tube formed of any suitable 
material, including polyvinyl chloride or polyvinyl acetate. The diameter of the 

10 second conduit 32 is also preferably relatively small, particularly in comparison with 
the vacuum delivery systems. The powder or particulate chamber 24 may also be 
formed of any suitable material. However, to avoid abrasive wear, the powder 
chamber 24 is preferably formed of an abrasive resistant material, such as stainless 
steel, but may, for example, be formed of steel or aluminum, preferably having a wear 

15 resistant internal coating. Although the internal surface is preferably cylindrical, the 
outer surface may have any configuration. As described above, the powder pump of 
this invention may be utilized to deliver any particulate material from a source of 
particulate material to a remote location. However, the embodiment of the powder 
pump illustrated in Figure 3 has been found to be particularly suitable for the delivery 

20 of powder paint as used, for example, by the automotive industry, wherein the particle 
size ranges from 1 to 30/xm or more typically between 15 and 25/xm. However, the 
simplified control of the embodiment of the powder pump shown in Figure 2 may be 
preferred for other applications, particularly where the particulate material is not 
subject to agglomeration. 

15 



docket #61,733-142 

[00028] Having described preferred embodiments of the pump for 

transferring particulate material or powder pump of this invention, it will be 
understood by those skilled in this art that various modifications may be made within 
the purview of the appended claims. For example, the preferred dimensions of the 
5 powder or pump chamber 24 will be somewhat dependent upon the particulate 
material transferred. Further, in certain applications, conventional valves may be 
utilized at the open ends of the particulate chamber, although check valves are simple 
and efficient in this application. As used herein, the term check valve includes any 
valve which is responsive to the pressure in the powder chamber 24 including but not 

10 limited to ball check valves. In a preferred embodiment of a ball check valve, the ball 
is preferably formed of a resilient material, such as synthetic or natural rubber, but 
may also be formed of a synthetic polymer. Further, although a pinch valve in 
combination with a venturi-type vacuum source is preferred in powder paint 
applications and to substantially completely fill the powder chamber 24 during each 

15 cycle of the powder pump by providing overflow of the particulate material from the 
powder chamber 24, a conventional source of vacuum and valve may be utilized as 
shown in Figure 1, wherein the filling and discharge of the particulate chamber is 
controlled by timing the opening and closing of the valves. Finally, as will be 
understood, the preferred gas under pressure will also depend upon the particulate 

20 material transferred, although pneumatic pressure or compressed air will be preferred 
when air does not interact with the particulate material. In such cases, nitrogen or an 
inert gas may be preferred. 
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